Mechanism of action of aspartate aminotransferase proposed on the basis of its spatial structure.
Aspartate aminotransferase is a pyridoxal phosphate-dependent enzyme that catalyses the transamination reaction: L-aspartate + 2-oxoglutarate----oxaloacetate + L-glutamate. The enzyme shuttles between its pyridoxal and pyridoxamine forms in a double-displacement process. This paper proposes a mechanism of action that delineates the dynamic role of the protein moiety of this enzyme. It is based on crystallographically determined spatial structures (at 2.8 A resolution) of the mitochondrial isoenzyme in its unliganded forms and in complexes with substrate analogues, as well as on model building studies. The enzyme is composed of two identical subunits, which consist of two domains. The coenzyme is bound to the larger domain and is situated in a pocket near the subunit interface. The proximal and distal carboxylate group of dicarboxylic substrates are bound to Arg386 and Arg292 , respectively, the latter residue belonging to the adjacent subunit. These interactions largely determine the substrate specificity of the enzyme. They not only position the substrate efficient catalysis but also bring about a bulk movement of the small domain that closes the active site crevice and moves Arg386 about 3 A closer to the coenzyme. The replacement of the epsilon-amino group of Lys258 by the alpha-amino group of the substrate in the aldimine bond to pyridoxal phosphate is accompanied by a tilting of the coenzyme by approximately 30 degrees. The released epsilon-amino group of Lys258 serves as a proton acceptor/donor in the 1,3- prototropic shift producing the ketimine intermediate. At this stage, or after hydrolysis of the ketimine bond, the coenzyme rotates back to an orientation between that in the "external" aldimine intermediate and that in the pyridoxal form. Throughout this process, the protonated pyridine nitrogen atom maintains a hydrogen bond to the beta-carboxylate group of Asp222 . Upon formation of the pyridoxamine form, the small domain moves back to its original position. The proposed mechanism is compatible with the known kinetic and stereochemical features of enzymic transamination.